small for gestational age, which had an RRc of 1.24 (95 CI%: 1.10−1.41); low birth weight, which had an RRc of 1.21 (95% CI: 1.06−1.39); and embryonic and fetal losses, which had an RRc of 1.19 (95% CI: 1.03−1.38). Conclusions: This work confirms a weak increase in risk of some reproductive disorders in female hairdressers/cosmetologists. However, the evidence level is rather weak, and a causal association between job and reproductive outcomes cannot be asserted. (J Occup Health 2015; 57: 485−496) 
Hairdressers and cosmetologists constitute a major occupational group of predominantly female workers, many of whom are of childbearing age. Hairdressers use continuously a wide range of products, such as shampoos, hair dyes, perm solutions, detergents, perfumes, and hair sprays 1) . Cosmetologists perform manicures, pedicures, facials, and other beauty treatments. In some countries (e.g., USA), cosmetologists can also be hairdressers. In these two jobs, all the used products can contain in large part the same chemical substances. For certain chemical substances, reproductive toxicity has been reported in animal studies, but with insufficient evidence in humans (organic solvents, aromatic amines, formaldehyde, phthalates, etc.) 2−5) . Both dermal absorption and inhalation are relevant exposure routes for hairdressers and cosmetologists 6, 7) . It is also noteworthy that these occupations involve physical exertion, long periods of standing and walking in the workplace, awkward postures, and psychosocial factors that can potentially interfere with reproduction 8−10) . Consequently, the presence of incriminated substances in cosmetic products and working conditions can generate concern regarding the Abstract: Reproductive disorders in hairdressers and cosmetologists: a meta-analytical approach: Jean-Bernard HENROTIN, et al. National Research and Safety Institute, France-Objectives: The aim of this study was to perform a systematic review and to use a meta-analytical approach to assess quantitatively the risk of adverse pregnancy outcomes in hairdressers and cosmetologists. Methods: A systematic literature search up to 1 February 2012 was carried out using major bibliographic databases, grey literature, contacts with research teams working on the subject, review papers and reference lists of selected articles. Observational studies reporting measures of effects in relation with body care (hairdressers, cosmetologists, etc.) and reproductive disorders were included. Study quality was assessed by three reviewers. The estimated risk ratios (RR) from all studies reporting on identical outcomes were combined using an average of logarithm transformation of estimated RR weighted by their inverted variance. Statistical heterogeneity across studies was assessed using Cochran's Q test. To explore the sources of heterogeneity, several sensitivity analyses and subgroup analyses were conducted based on study quality, country, study period, alcohol consumption, smoking habit, jobs and control populations. Results: Nineteen studies were selected and reviewed in-depth. The combined risk ratios (RRcs) of five reproductive outcomes were calculated and found to be significantly increased for four outcomes: time to pregnancy, which had an RRc of 1.11 (95% CI: 1.03−1.19); premature birth, which had an RRc of 1.05 (95% CI: 0.99−1.11);
Reproductive disorders in hairdressers and cosmetologists: a meta-analytical approach 1, 11, 12) . Actually, the risk of reproductive disorders in hairdressers has been examined in several epidemiological studies. However, their small sample sizes and the resulting lack of statistical power explain why the results of these studies have been considered inconsistent and why significant associations have rarely been found. Moreover, the associations examined in previous reviews between the occupations of hairdresser and/or cosmetologist and pregnancy outcomes have been qualitative rather than quantitative 1, 11, 12) . The main aim of this work was to perform a systematic review and to use a meta-analytical approach to assess quantitatively the risk of adverse pregnancy outcomes in hairdressers and cosmetologists, to establish the overall strengths and consistency of these associations and to explore sources of heterogeneity. To our knowledge, no meta-analysis has yet been carried out on this topic.
Methods

Search strategy
A systematic literature search was carried out using MEDLINE and ScienceDirect from January 1966 up to February 2012 (Fig. 1) The reference lists of the selected articles and previously published systematic reviews were examined to find additional relevant studies. The Cochrane Library database was also consulted. A search of grey literature was also performed, and several research teams working in the field of reproduction were contacted and asked about unpublished studies.
Study selection
Studies were included in this review if they met 
Data extraction and quality assessment
The following main data were extracted from selected studies (some of this information is summarized in Table 1 ; see Supplementary Table A online): author(s); year of publication, country of origin, study period, study design, outcome(s), study population size, number of cases by group (exposed and nonexposed); types of control populations, confounding factors, and measures of association and CIs. The quality of observational studies was assessed independently by 5 reviewers (C-FD, AR, LMT, LR, RAC), and the studies were classified as good, acceptable, or unacceptable based on the recommendations of the "Meta-analysis Of Observational Studies in Epidemiology" guidelines 13) . Discrepancies in classification were discussed, harmonized, and validated by all the reviewers. The quality of a study was considered good if it met three criteria: the relevant confounders were taken into account, the reported data were accurate and detailed, and the risk of bias was low. The sensitivity analysis consisted of comparing the results obtained by considering all the studies or excluding those with an unacceptable quality.
Statistical analyses
The estimated risk ratios (RRs) from all studies reporting identical end points were pooled, and combined risk ratios (RRcs) calculated using STATA software version 12.1 (StataCorp, College Station, TX, USA). The logarithm of the RRc was estimated as an average of the logarithmic transformation of the estimated RR values observed in each study, weighted by their inverted variance and presented with a 95% CI. We preferentially pooled adjusted RR estimates from multivariable analysis using the most complex model when such estimates were available, but we included the unadjusted estimates when adjusted RR estimates were not available. Distributions of the estimated RRs from different studies and their 95% CIs were examined graphically on forest plots 14) . Statistical heterogeneity across studies was assessed using Cochran's Q test: when p<0.10, the estimated risks were pooled using a random-effects models; when p>0.10, the fixed effect model was used 14) . Potential publication bias was examined by constructing a funnel plot in which the standard error was plotted against the log RR and quantified by Egger's test 15) . The nonparametric "trim and fill" method of Duval and Tweedie was also used to measure the potential impact of publication bias in this meta-analysis 14) . The influence of omission of each study was examined with respect to estimated effect measures in the meta-analysis 14) . A cumulative meta-analysis according to the precision of the studies was also performed to examine the impact of study sizes on the estimation of RRc 14) . To explore the sources of heterogeneity, we conducted several sensitivity and subgroup analyses based on study quality, study country (Europe versus North America), study period (before 1990 or after 990), adjustment for alcohol consumption, adjustment for smoking habit, target population (hairdressers or cosmetologists), and control population (salesclerks, working population, or general population).
Results
In all, 19 studies were extracted from the literature, making it possible to examine five outcomes: time to pregnancy (unprotected intercourses over a period of more than 12 months without a pregnancy), preterm birth (PB), small for gestational age (SGA), low birth weight (LBW), and embryonic and fetal losses. Figure 1 shows details of the study selection. The malformation outcomes were not retained because of the very wide diversity in the malformations studied; consequently, it was not possible to present all the results for malformation outcomes ( Fig. 1 ; Supplementary Table A online). For other outcomes, the number of studies was insufficient to carry out a meta-analysis. The main characteristics of the 19 studies selected are summarized in Table 1 .
Time to pregnancy (TTP)
One cohort study 16) , three cross-sectional studies 17−19) , and two studies based on registers 20, 21) were extracted from literature data ( Table 1) . Of these studies, only one was carried out on cosmetologists 19) . Seven estimated RRs were retained to calculate RRcs (among which two estimates were from one study 16) ). Six estimated RRs were increased, but only two were statistically significant ( Fig. 2 ) 17, 20) . A nonsignificant heterogeneity test (p=0.13) suggested a homogeneous distribution of effect measures. Using a fixed effect model, the RRc increased significantly to 1.11 (95% CI: 1.03−1.19). Additionally, there was no evidence of dose-response relationship with the number of technical tasks per week in two studies 19, 20) . Sensitivity 1.004−1.18) . Using the trimand-fill method, the imputed RRc was 1.09 (95% CI: 1.01−1.17), which is similar to our estimated RRc, suggesting an absence of publication bias. The cumulative meta-analysis indicated that statistical significance at p<0.05 was achieved marginally in 2006 (data not shown). By examining the influence of the omission of each study on the RRc in the meta-analysis, no outlier study was detected (data not shown).
Premature birth (<37 weeks of gestation)
The link with PB was analyzed in eight studies (four cohort studies 16, 22−24) , two cross-sectional studies 25, 26) , and two studies based on registers 27, 28) ) ( Table 1) . Three studies were carried out on cosmetologists 26−28) , and five other studies were carried out on hairdressers 6, 22−25) . Eleven measures of association were extracted from eight studies, and ten were included in the meta-analysis. Only one study showed a significant increase in PB in hairdressers compared with teachers as referent group 27) . For the other studies, no significant results were reported 16, [22] [23] [24] [25] [26] 28) . Using a fixed effect model (heterogeneity test, p=0.21), RRc was not significantly increased (RRc=1.05 (95% CI: 0.99−1.11)). No dose-response relationship with the weekly number of technical tasks was observed in the single study where this question was examined 22) . In sensitivity analyses, we noted a decreased RR when adjusted for alcohol consumption: RR ajusted alcohol =0.94 (95% CI: 0.82−1.08). All these studies were carried out in Europe. Studies on hairdressers reported a significantly increased risk (RR hairdressers =1.09 (95% CI: 1.02−1.17)), but this result was not found for cosmetologists (RR cosmetologists =0.93 (95% CI: 0.82−1.04)). When salesclerks were the reference group, RRc was lower than for the other control groups (RRc =0.98 (95% CI: 0.76−1.27)). The other sensitivity analyses (cumulative meta-analysis, trim-and-fill method, outlier study research) did not change the results.
Small for gestational age
Eight estimates from seven studies (six cohort studies and one cross-sectional study, Table 1 ) were retained for this outcome. Two estimates were extracted for cosmetologists, and six estimates were extracted for hairdressers. The definitions of SGA were different in the included studies. A summary of the definitions for each study is shown below Table   Table 1 . Description of the studies included in the meta-analysis (Continued) Axmon n: number.
1. Increased risk was observed in four studies: in hairdressers compared to the general population 22, 24) and teachers 27) ; and in cosmetologists compared to teachers 27) . The four other measures of association showed no significant link 23, 28−30) . Using a random effect model (heterogeneity test, p=0.01), the RRc in hairdressers and cosmetologists increased slightly but significantly (RRc=1.24 (95% CI: 1.10−1.41)). In one study only, frequent permanent waving and spraying tended to be associated (though not significantly) with an increased risk of having an infant with SGA 22) . In the sensitivity analyses (date, job title, control group), the pattern of strengths of association was not modified except for alcohol consumption: RR ajusted alcohol =1.07 (95% CI: 0.93−1.24) for two studies versus RR no adjusted alcohol =1.31 (95% CI: 1.13−1.52) for six studies. The other sensitivity analyses (the trim-andfill method, outlier study research) did not change the results. The cumulative meta-analysis indicated that the statistical significance level had remained unchanged since 2002, the date of the first study (data not shown). Globally, the results seem robust to sensitivity analyses.
Low birth weight (<2,500 g)
Nine studies examined reproductive disorders in relation with low birth weight, and eleven estimates were integrated in this meta-analysis. These estimates were calculated in two cross-sectional studies 25, 26) , four cohort studies 16, 22, 24, 29) and three registers studies 27, 28, 31) . Of these estimates, four were related to cosmetologists, and seven were related to hairdressers. Eight studies reported an increased risk of having an infant with LBW, and this increase was significant in three studies 27, 28, 31) . Using a random model (heterogeneity test, p=0.009), the RRc increased significantly (RRc=1.21 (95% CI: 1.06−1.39)). This result was also not altered by removing a study of lower quality 25) . The robustness of this finding was observed in several subgroup analyses (country, period, job, reference group) and the other sensitivity analyses (the trim-and-fill method, outlier study research), except for alcohol consumption: RR ajusted alcohol =0.99 (95% CI: 0.45−2.18) for only two studies versus RR no adjusted alcohol =1.22 (95% CI: 1.05−1.41) for nine studies. The cumulative meta-analysis indicated that statistical significance was observed in 2002 (data not shown). In the single study examining the question 22) , no doseresponse relationship between LBW and the number of technical tasks per week was found.
Embryonic and fetal losses
For this outcome, fourteen estimates from ten studies (three cohorts 16, 22, 23) , two case-control studies 32, 33) , four cross-sectional studies 17, 25, 26, 34) , and one register study 29) ) were integrated in the metaanalysis. Of them, two studies were carried out on cosmetologists 26, 33) and eight studies were carried out on hairdressers. In Fig. 3 , the studies are presented according to three subgroups: embryonic or fetal loss (<28 amenorrhea weeks (AW); ≥28 AW); regardless of gestational age) and all the studies. For all the studies, the RRc in a random model (heterogeneity test, p=0.01) was equal to 1.20 (95% CI: 1.02− 1.41). Excluding the ≥ 28 AW subgroup (only two studies 22, 32) one of which was of poor quality 32) ), the RRcs of the subgroups were rather similar (Fig. 3) . For the period of up to 24 AW (data not shown), the strength of association was stronger but not significant (RRc=1.30 (95% CI: 0.99−1.71)). One study 33) out of four 20, 23, 25) reported a dose-response relationship between spontaneous abortion and the number of weekly technical tasks. The results were stable in sensitivity analyses except for two situations ( Table 2) . As with all the other outcomes, adjustment for alcohol consumption led to a decrease in the strength of association (25% versus 11%; Table 2 ). Also, the RRc was lower after 1990, with the RRc for after 1990 being 1.08 (95% IC: 0.87−1.34) and that before 1990 being 1.31 (95% IC: 1.05−1.63). The cumulative meta-analysis indicated that statistical significance was achieved in 2009 (data not shown). The other sensitivity analyses (trim-and-fill method, outlier study research) did not change the results.
Discussion
In this meta-analysis, a significant relationship (RRcs of 1.10 to 1.40) between the job of being a hairdressers/cosmetologists and the risk increase of reproductive disorders (TTP, fetal loss, LWB, SGA) was observed. No increased risk of PB was reported. These results were observed in several studies and in different countries, regardless of the reference groups retained, and they were similar regardless of the sensitivity of the analyses.
At least three types of occupational risk could explain these results in hairdressers/cosmetologists: physical risks 8, 9, 35) , mental demands 10) , and exposure to chemical products. As reported previously, long periods of standing, long working hours, manual handling of loads, and awkward postures are often associated with reproductive outcomes 8, 9, 35) . Moreover, Niedhammer et al. (2009) showed an increased risk of the occurrence of LWB and PB related to the combination of several occupational factors 35) . Do arguments exist in favor of an impact of chemical agents 12) ? In general, it is reported that for a given substance, exposure levels are low (ethanol, isopropanol, acetone, toluene, acetates, etc.) 1, 36−38) , and if an impact exists on reproductive outcomes, it is expected to be rather limited. This hypothesis may be valid based on the results of the epidemiological studies examined in this review. On the one hand, overall, the range of values of RRc is rather weak, between 1.10 to 1.40. On the other hand, this "global" risk of abnormal pregnancy is related to combined exposure to chemical, physical, and psychosocial risks and not only to chemical risk. However, the implication of chemical exposures in the occurrence of reproductive disorders in hairdressers cannot be ruled out. Indeed, several studies have compared hairdressers with salesclerks 16−18, 21, 23, 25) . This referent occupational group presents similar educational levels, socioeconomic statuses, levels of stress, and physical workload (standing, walking, physical exertion) but without exposures to chemicals used in hairdresser/cosmetologist salons. Compared with this referent group, hairdressers showed an increased risk of pregnancy disorders in several studies [16] [17] [18] 25) . Also, the effects of low doses and complex mixtures during fetal development could be explained by the possibility of endocrine disruptor mechanisms of cosmetic products 39, 40) . There is growing interest in possible health effects after exposure to endocrine disruptors 41) . For instance, cosmetic product users can be exposed to substances that are suspected to be endocrine disrupters such as phthalate esters, ultraviolet filters, polycyclic musks, parabens and/or triclosan 39, 40, 42) . In a Canadian study, 112 of 252 products tested were found to contain at least one phthalate at a detectable level 43) . The variations of the concentrations of chemical exposures were described in several studies 37, 38, 44) . In general, chemical product concentrations vary according to the use of the specific products, the number and type of products that were opened during the measurements, the number of treatments performed, and workplace ventilation 37, 44) . These levels of substances could be significantly decreased in the work environment by using appropriate practices such as good ventilation, storage of beauty products in a separate room, or resealing product packages after use 37) . In order to reduce exposure to substances during technical tasks, it is recommended that users to wear gloves and use a ventilated enclosure. There is a need to provide information and training for employees on the possible toxic effects of chemicals as well as education on proper handling. For the ingredients of cosmetic products, however, it is often difficult for users to remains aware of changes in products (change in composition: substances, concentration, purity, etc.) when the commercial name remains the same or when information on the packaging, such as information about the hazards (safety data sheets) is newly added. Concerning physical exposure, it is recommended that users avoid long working hours, standing for prolonged periods of time, and handling heavy loads during pregnancy 45) . To our knowledge, our work is the first to study the relation between the occupation of hairdresser/ cosmetologist and reproductive outcomes according to a meta-analytical approach. Our meta-analysis remedies the lack of power found in studies using small numbers of workers and including misclassifications of exposure. However, the different observational studies, such as those reviewed in this work, do not provide definitive proof of a causal association between work in hairdressing and beauty salons and certain reproductive outcomes. The level of evidence is rather weak for the following reasons:
First, in most studies there is no clear and detailed information regarding exposure (intensity, duration, frequency) and/or use of protective equipment (such as wearing of gloves or use of local exhaust ventilation). The nature of the chemical substances used in the workplace may be different from one study to another and depend on the period during which the study was conducted. Second, concerning the exposure to chemical products, few studies have examined and reported 20, 22, 33, 46) dose-response relationships between the exposure and reproductive outcomes observed 20, 33) . Third, several published studies pointed out that alcohol consumption, even when moderate, may also be associated with the same adverse birth outcomes as the ones they reported 47) . In this work, we observed substantial changes of RRc between groups with and without adjustment for alcohol consumption in several sensitivity analyses (Table 2 ). In the absence of this adjustment, overestimation of risk cannot be ruled out, and this point should be clarified by additional studies to distinguish between the risk due to cosmetic product exposure and/or that due to the alcohol consumption. Four, some relevant information on potential confounders was not available, such as information on the use of medication, paternal exposure, and dietary habits. For instance, a substantial exposure to reproductive substances would exist via foods. Fierens et al. (2012) hypothesized that food is the principle exposure pathway for phthalates 48) . Some of phthalates are now known to affect human reproductive systems (fertility, hypospadias, cryptorchidism) 49) .
Conclusion
This work confirms a weak increase in risk of some reproductive disorders in female hairdressers/ cosmetologists. Based on our data, the evidence level is rather weak, and a causal association between job and reproductive outcomes cannot be asserted. Also, our results have several implications. They should, however, be considered as an alert and a reason to ensure that individual and collective prevention measures are effectively employed in hairdressing and beauty salons, especially in the case of pregnant workers. Other epidemiological studies are needed to confirm the causal association. It is suggested that "alcohol consumption" should be integrated as confounding factor in future studies. Also, standardized information on medicine, food, dietary habits, and home exposure should be collected. In addition, the expected low RRs and the lack of power reported in these studies suggest the need for inclusion of a sample with larger number of workers. Furthermore, improved collection of exposure data regarding chemical exposure is needed. Only few studies took into account the dose-response relationships, and they unfortunately provided no information on the chemical products used in the workplace and during the pregnancy period. This lack of information prevents calculation of the risks attributable to reproductive disorders related to the cosmetic products used by this occupational group. Also, the current data do not allow to know the respective contributions of physical risks, mental demands and other chemical exposures in the increased risks observed in hairdressers and/or cosmetologists.
